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Abstract. Several annexins have been implicated in the pathogenesis of benign and malignant neoplasms of 
different origins. In some tumours a suppressive action of annexins has been shown, whereas studies of other 
tumours indicate an involvement of annexins in tumour progression. In the light of the expression of annexins at 
distinct episodes of fetal development these observations point towards a functional role of annexins in cellular 
development and differentiation. This view is supported by data that link certain annexins to distinct pathways of 
signal transduction. Auto-antibodies against several annexins have been detected in patients with autoimmune 
diseases such as systemic lupus erythematosus, rheumatoid arthritis and inflammatory bowel disease. Until now it 
is unclear whether their presence reflects a relevant pathogenetic mechanism or merely represents an unspecific 
expression of a raised autoimmunity in these patients. 
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Expression of annexins in tumours 

The finding that several annexins are subject to growth- 
dependent regulation of expression, together with their 
participation in signalling pathways and cell-cell adhe- 
sion, has awoken interest in their role in the pathogenesis 
of cancer. Considering the related structural properties 
of the annexins it is of interest that tumour suppressing 
and promoting attributes have also been demonstrated 
for different annexins. 

In 1983 Hattori et al. reported that AX-1 can induce 
differentiation in the human histiocytic lymphoma cell 
line U937 [1]. In their experiments a similar effect could 
be obtained by treatment of the cells for 6 days with 
dexamethasone. This dexamethasone-inducible differen- 
tiation could be blocked by a monoclonal anti-AX-1 
antibody, suggesting that the dexamethasone effect was 
mediated by AX-1. However, other investigators failed 
to confirm AX-1 mRNA and protein induction by dex- 
amethasone in U937 cells [2] as well as in primary 
human macrophages [3]. That these discrepancies might 
be a reflection of different culture conditions has been 
shown by Schlaepfer et al. [4]. The cellular level of 
AX-1 varies with the growth state of cells, with prolifer- 
ating cells having significantly higher cellular levels and 
synthesis rates than quiescent cells. Differentiation in- 
duction by AX-1 was also reported for the human lung 
cell adenocarcinoma cell line A549 [5, 6] and the human 
squamous cell carcinoma cell line SqCC/Yl [7]. Im- 
munohistochemical analyses have revealed increased 
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expression of AX-1 in a variety of central and periph- 
eral nervous system tumours [8] and squamous cell 
carcinoma of the skin [9]. 

AX- 2 has also been shown to underlie a growth-depen- 
dent regulation and to be inducable by mitogenic sub- 
stances [10, 11]. In contrast to the described tumour 
suppressive effects assigned to AX-1 the association of 
AX-2 phosphorylation with retroviral transformation 
has raised the suspicion that AX-2 could be involved in 
the pathogenesis of cancer [12-14]. AX-2 has been 
shown to be highly abundant in human hepatocellular 
carcinoma but not in normal liver, human fetal tissue or 
regenerating rat liver after injury [15]. Overexpression of 
AX-2 mRNA and protein have further been demon- 
strated in human pancreatic cancer and pancreatic cancer 
derived cell lines [16, 17], multi-drug resistant small cell 
lung cancer [18], and high but not low grade gliomas [19, 
20]. In the Eker rat hereditary renal carcinoma model, a 
dominant disorder with a defect in the rat analogue of 
the human tuberous sclerosis (TSC2) gene, a differential 
analysis showed the AX-2 heavy chain to be one of four 
genes with increased expression compared to normal 
animals [21]. Low baseline AX-2 expressions and strong 
increases after induction of differentiation are found in 
the PC 12 rat adrenal pheochromocytoma and the F9 
murine teratocarcinoma cell lines [22, 23]. Tressler et al. 
have demonstrated that AX-2 and AX-6 expressed on 
murine F£AW117 lymphoma cells serve as adhesion 
molecules for tumour cell -endothelial cell binding [24, 
25]. They showed that AX-2 and AX-6 are present on the 
external plasma membrane and that the binding of 
tumour cells could be significantly reduced by antibodies 
against AX-2 or AX-6. These findings indicate a pivotal 
role of certain AXs in cell-cell interaction. 
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AXs-1, 2, 4, 5 and 6 were also shown to be expressed by 
cultured osteoblasts and the human osteosarcoma cell 
line MG-63 (26]. In this study the amount of AX-5 
found in MG-63 cells was three times higher than in the 
primary osteoblast cultures. The authors also noted an 
influence on AX-5 levels on the state of growth of the 
culture. Karube et al. found a decrease of AX-5 mRNA 
and protein in carcinomas of the uterine cervix and 
endometrium when compared to normal tissues [27]. As 
AX-5 has been shown to exert an inhibitory action on 
protein kinase C [28, 29] the decreased levels of AX-5 
might lead to a dysregulated activation of protein ki- 
nase C. 

In contrast to AX-1 and -2 which are regulated during 
normal cell growth, the expression of AX-6 appears to 
be constitutive in most cell lines [30]. Tumour suppres- 
sive effects have been assigned to AX-6 in certain model 
systems. AX-6 is not expressed in the human squamous 
cell carcinoma line A431 which is characterized by a 
lack of contact inhibition and reduced growth factor 
requirement. After transfection with the AX-6 gene 
A431 cells stopped proliferating after reaching conflu- 
ence [31] and grew smaller tumours than the non-trans- 
fected cells in mice [32]. Recentiy, AX-6 has been 
demonstrated to be differentially expressed in a murine 
melanoma cell line when compared to a syngeneic 
Melan-a-immortalized melanocyte cell line [33]. 
Acute promyelocyte leukemia (APL) is a disorder char- 
acterized by a balanced t(15;17) translocation in which 
the breakpoint involves the retinoic acid receptor-a and 
the PML gene [34]. AX-8 was shown to be overex- 
pressed in APL cells in the majority of cases [35, 36]. As 
the AX-8 gene is located on chromosome 10 its overex- 
pression cannot be directiy related to the translocation. 
Interestingly, all-trans-retinoic acid, a strikingly effec- 
tive drug to induce remissions in APL patients, is able 
to reduce the AX-8 expression in the APL-derived cell 
line NB4 [35]. This has been shown to be due to 
transcriptional regulation of the AX-8 gene [36]. The 
negative response of AX-8 expression to all-trans- 
retinoic acid supports the notion that AX-8 might act as 
a signal transducer involved in regulation of cell growth 
and differentiation. 

Annexins as potential auto-antigens in autoimmune 
diseases 

Auto-antibodies against AX-1 in patients with 
rheumatic diseases such as systemic lupus erythematosus 
(SLE) and rheumatoid arthritis (RA) were first de- 
scribed by Hirata et al. in 1981 [37). These investigators 
found that patients' sera were able to abrogate the 
inhibitory action of a partiy purified rabbit lipocortin on 
phospholipase A 2 . This effect was decreased after ab- 
sorption of the IgM fraction but not the IgG fraction of 
the sera, which suggests that circulating IgM antibodies 
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against AX-1 were present in those patients. Later, 
AX-1 of the IgM and to a lesser extent of the IgG-type 
were found in patients with RA and SLE using a 
recombinant human AX-1 and a correlation with dis- 
ease activity was claimed [38]. Initially, it was suggested 
that corticosteroids might, by the induction of AX-1, 
induce the formation of AX-1 auto-antibodies, and that 
their presence might impair the inhibitory action of 
corticosteroids on phospholipase A 2 [38]. However, a 
causal role of corticosteroids in the induction of AX-1 
auto-antibodies seems unlikely, because asthma patients 
treated with corticosteroids do not show AX-1 auto- 
antibodies [39]. Furthermore, no association of AX-1 
auto-antibodies with either serum phospholipase A 2 lev- 
els or activity could be shown [40]. Patients with SLE 
were also reported to have auto-antibodies against AX-5 
[41]. In this study the auto-antibodies were more com- 
mon in patients who additionally had positive anti-car- 
diolipin antibodies or lupus anticoagulant. AX-1 
auto-antibodies have also been demonstrated in patients 
with inflammatory bowel diseases, such as Crohn's dis- 
ease or ulcerative colitis, who lack any association with 
corticosteroid treatment [42], Interestingly, in this study 
patients with active confirmed bacterial diarrhoea had 
the highest titres of AX-1 auto-antibodies, suggesting 
that their presence might not be confined to auto-im- 
mune diseases but might reflect a nonspecific reaction to 
inflammation. This view is supported by studies demon- 
strating auto-antibodies against AX-1, AX-2, AX-3, 
AX-4, AX-5, and AX-6 in a plethora of inflammatory 
and neoplastic skin diseases without a clear correlation 
to any disease group including auto-immune diseases 
[43, 44]. For obvious reasons, a final judgement on the 
relevance of AX auto -antibodies requires the elucidation 
of the functions of AXs. 
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